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@ Methods of pumping and loading emulsion slurry blasting composition. 

® Methods are disclosed for refining, pumping and load- 
ing a borehole with a water-in-oil emulsion slurry blasting 
composition, wherein the emulsion slurry blasting com- 
position is pumped or forced through a valve positioned al 
the end of a delivery hose In order to increase the viscosity 
of the composition prior to its expulsion from the hose. 



< 

v 
09 



ACTOR UM AG 



0182661 



Title: Methods of Pumping and Loading Emulsion 
Slurry Blasting Composii-.inn ■ 

The present invention relates to a method for loading 
a borehole with a water-in-oil emulsion slurry blasting 
composition, a method of refining a water-in-oil emulsion 
slurry blasting composition, a method of pumping a water- 
in-oil emulsion slurry blasting composition through a 
delivery hose and a method of loading an upwardly extending 
borehole with a water-in-oil emulsion slurry blasting 
composition. 

Water-in-oil emulsion slurry blasting compositions are 
> well-known in the art. These compositions contain a 
continuous organic liquid fuel phase throughout which are 
dispersed droplets of an aqueous or aqueous -mis cible 
inorganic oxidizer salt solution phase. 

Emulsion slurries normally are fluid when initially 
formulated and thus are pumped from a mixing chamber into 
packages or boreholes. A major problem with handling 
emulsion slurries is the difficulty in pumping them at the 
relatively high viscosities required in certain applications. 
For example, emulsion slurries need to- be viscous enough 
to resist running into cracks and fissures in boreholes, 
to resist erosional effects of dynamic water, or to resist 
gravitational flow when loaded into upwardly extending 
boreholes. Past efforts at handling relatively viscous 
emulsion slurries either required expensive, heavy duty 
pumps capable of producing high pressure heads, which 
pumps also may exert destructive forces on the stability of 
the emulsion or on its - ingredients (such as hollow, 
spherical density reducing agents) , or some type of 
lubricating system. in the hose or delivery conduit, such 
as injecting an annular stream of liquid around the pumped 
emulsion slurry to lubricate its flow through the hose. 

The present invention provides a method whereby 
emulsion slurries readily can be pumped through loading or 
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delivery conduits or hoses at relatively low viscosities, 
but exit from the hose at the desired higher .viscosities. 
This is. accomplished by pumping the emulsion slurry through 
a valve positioned at or near the end of the delivery hose 
5 to impart shear to the composition and thereby increase its 
viscosity prior to its expulsion from the hose. In this 
fashion, thin, easily pumped emulsion slurry can be 
delivered through, a hose at a relatively low pumping 
pressure. Upon exit from the hose, the emulsion slurry 
10 has a desired higher viscosity. Thus the use of high 

pumping pressures or additional lubricating systems can be 
avoided. 

The present invention provides an improved method of 
pumping an emulsion slurry blasting composition through a 
15 delivery hose having at or near its end a valve which is 
adjusted to impart shear to the composition and thereby 
increase its viscosity prior to its expulsion from the hose. 
This allows the emulsion slurry to be easily pumped while 
thin or of relatively low viscosity but to be delivered 
20- into a borehole or container at a desired higher viscosity. 
The present invention also provides a method of refining an 
emulsion slurry, a method of loading a borehole with an 
emulsion slurry and a method of loading an upwardly 
extending borehole with an emulsion slurry, and these 
25 methods include the step of pumping or forcing the emulsion 
slurry through a valve positioned at or near the end of a 
delivery hose, which valve is adjusted to impart shear to 
the composition and thereby increase its viscosity prior to 
its expulsion from the hose. The methods of the present 
30 invention also can be employed with a method of lubricating 
the flow of the emulsion slurry through the hose, if 
desired, as is more fully explained herein. 

The methods of the present invention relate to 
increasing the viscosity of an emulsion slurry at or near 
35 the end of a delivery hose-, in order that the slurry can 
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exit from the hose at a higher viscosity than when pumped 
through the hose. This is accomplished by pumping or 
forcing the emulsion slurry through a valve which is 
adjusted to imparf shear to the composition and thereby 
5 increase its viscosity. it is observed that the additional 
refinement of the emulsion slurry caused by the shearing 
action of the valve reduces the droplet si2e and increases 
the number of the dispersed water-miscible droplets, and 
this increased number of droplets increases the viscosity 
10 of the slurry. 

As used herein, the term "valve" means any device 
capable of imparting shear to a flowing stream of emulsion 
slurry. The valve can be any of numerous mechanical 
devices by which the flow of a liquid can be regulated by 
• 15 a part that obstructs and preferably adjustably obstructs 
■ the passage of the liquid. The purpose of the valve is to 
create a high velocity emulsion slurry stream through a 
small orifice, thereby imparting shear to the emulsion 
slurry resulting in further refinement of the emulsion 
20 slurry and thus increased viscosity. Simple, coranonly 
used valves may be employed, such as ball, spring-loaded 
or gate valves. 

The accompanying drawing is a cut-away perspective 
view of a spring-loaded valve of the present invention. 
25 The drawing shows a preferred, spring- loaded, 

cylindrical valve 1 which is threaded at in- flow end 2 and 
at out-flow end 3 for threadably engaging a delivery hose 
(not shown). A casing 4 and an adjusting screw 5 of the 
valve are threadably engaged for adjustably varying the 
30 compression on a spring 6 and thus the resistive force of 
a valve seat 7 against, a port 8, A lock nut 9 secures 
the adjusting screw 5 in place and is threadably engaged 
to the adjusting screw 5. By screwing the adjusting screw 
5 into the casing 4, the spring 6 is increasingly 
35 compressed thereby causing the valve seat 8 to resist more 
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forcefully the flow of emulsion slurry through the valve 
and thus create a smaller orifice through which the 
emulsion slurry flows. This reduced orifice imparts 
increased shear to the emulsion slurry as it passes 
5 through the valve thereby increasing the emulsion slurry's 
viscosity. 

The valve is located at or near the end of the 
delivery hose to minimize the distance through which a 
viscous emulsion slurry must be pumped. Thus the emulsion 
10 slurry is pumped through the delivery hose while it is 

thin and of relatively low viscosity, in order to accomodate 
relatively low pumping pressures. As the emulsion slurry 
passes through the valve, its viscosity increases, and 
since the valve is positioned at or near the end of the 
15 hose, the more viscous emulsion slurry travels little if 
any distance before it is expelled from the hose, thereby 
accommodating low pumping pressures. 

Additionally, a lubricating means can be employed with 
the methods, of the present. invention, if desired. in 
20 order to enhance further the ease of pumping the emulsion 
slurry through the delivery hose, an annular stream of a 
lubricating fluid, such as water, . an aqueous solution of 
an organic or inorganic compound or compounds (for example 
an aqueous inorganic oxidizer salt solution such as 
25 described in US-A-4,273,147) or an aqueous-miscible fluid 
can be injected into the hose and around the composition at 
a liner velocity substantially equal to that of the 
composition to lubricate its flow through the hose. 
Although such lubricating means is unnecessary, and in fact, 
30 the present invention provides methods to make such 
lubricating means unnecessary, the combination of the 
methods of the present Invention with such lubricating means 
allows ai ultimately more viscous emulsion slurry to be 
placed into boreholes or other containers. 
35 When, using the above described lubricating means, the 
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pumped emulsion slurry can be deficient in water or aqueous 
inorganic oxidizer salt solution until it reaches the valve 
in which at least part of the lubricating fluid then is 
mixed into and forms part of the' emulsion slurry by the 
shearing action of the valve. Generally, from about 2% 
to about 10% by weight lubricating water or salt solution 
can be so added to the composition. With a level of 5% 
added water, little drop in actual energy output is seen; 
whereas at a level of 101 water, a sizable drop is 
experienced. Alternatively, the lubricating fluid could 
be allowed to escape prior to its entry into the valve. 

The shearing action of the valve imparts additional 
advantages to the emulsion slurry. In addition to an 
increased viscosity, the reduced size of the dispersed 
water-mis cible droplets may increase the emulsion slurry's 
stability and sensitivity to detonation. Thus the present 
invention also is a method for refining emulsion slurries 
to make them more stable and sensitive to detonation. 

The present invention is more fully described in the 
examples given below. 
Example 1 

An emulsion slurry was formulated. by a standard 
procedure and was pumped through a spring- loaded valve 
which was adjusted for pressure drops of 10.5 kg/cm 2 and 
17.5 kg/cm 2 (with the greater pressure drop reflecting a 
greater degree of shearing action or refinement) . Viscosity 
increases through the valve and detonation results are as 
follows: 

Ingredients % By Weight 

Ammonium Nitrate (AN) 67 
Calcium Nitrate 1 (CN) 8 
Water 16 
Emulsifier 1.5 
Fuel Oil 4.5 
Kicroballoons 3.0 
100.0 
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Pressure drop (kg/cm 2 ) 
Viscosity (centipoise) 2 
Density (g/cc at 5°c) 
Results at 5 B C 3 

72 mm (km/sec) 

32 mm (km/sec) 
MB, 75 mm Det/Fail 4 ' 
d , Det/Fail (mm) 6 



10 



15 



X 




3 




10.5 


17.5 


29920 


83520 


101920 


1.21 




1.22 


"4.8 




4.7 


4.5 




4.4 


8g/12 




8g/12 


32/25 (L0D> 




32/25 LOD 



^Fertilizer grade CN comprising 81:14:5 CN:H 2 0:AN 
rp^ eil 25°G h 3 Brookfield Viscometer, ft 7 spindle, 50 

3 The numbers represent detonation velocities in the charge 
diameters indicated w»« H e 

4 MB = minimum booster (both 1 and 3 detonated with an 8g 
^pentolite booster and failed with a No. 12 cap) 

do = critical' diameter (both 1 and 3 had low order 

detonations (LOD) in 25mm) 



The above results Illustrate the degree of viscosity 
20 increases resulting from subjecting the emulsion slurry 
to the shearing action of the valve. Further, the 
detonation results indicate that the slurry can experience 
a pressure drop of 17.5 kg/cm 2 and a three-fold increase 
in viscosity and retain at least comparable detonation 
25 properties. 
Example 2 

The following emulsion slurry was formulated by a 



standard procedure: 

Ingredients % B y Weight 

30 AN 63>7 

Sodium Nitrate (SN) 12.1 

Water 15 7 

Oil 5.0 

Emulsifier j.. 0 

35 Microballoons 3.0 
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Four mixes of the above slurry were made. Mix 1 
was simply the prepared formulation which had an initial 
viscosity of 22,400 centipoise (measured at 22 °C with a 
Brookfield viscometer, 50 rpra, 1 spindle) . Mix 2 was 
processed at 36.4 kg/min through 26 meters of 25 mm 
diameter hose whose internal surface was lubricated with 
2 to 3 percent water. At the end of the h6se, the mix 
was forced through the valve shown in Figure 1 at a back- 
pressure of 21 kg/cm 2 . The lubricating water was mixed 
I into the formulation by the shearing action of the valve. 
Mix 2 had a final viscosity of 58,200 cps. Mixes 3 and 
4 were forced through a ball valve and the valve o£ Figure 
1, respectively, but did not pass through a hose. They had 
respect ive^ viscosities of 70,400 cps (at a backpressure of 
17.5 kg/cm } and 44,000 cps (at a backpressure of 10.5 
kg/cm 2 ) . 
Example 3 

A ring of twelve 62.5 mm vertical boreholes ranging 
in depth from 4.3 to 18.5 ra was loaded with emulsion 

- slurry which was pumped through a 25 mm internal diameter 
loading hose that was pushed to the top of each borehole 
and gradually withdrawn as the borehole was loaded. Prom 
3 to 6 percent lubricating water was introduced into the 
hose in the manner heretofore described. This lubrication 
allowed the slurry to be pumped through 37 m of hose at a 

. pressure of only about 3.5 kg/cm 2 . The slurry was forced 
through the valve shown in Figure 1 which resulted in a 
viscosity increase sufficient to resist gravitational flow 
from the boreholes. The loaded boreholes were detonated 
successfully. 

The methods, of • the present invention can be used in 
applications where it is desirable to deliver an emulsion 
slurry at a viscosity higher than the viscosity at which 
it is formulated or pumped. For example, the method has 
particular advantage for loading vertically extending 
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boreholes in which the final product viscosity must be 
sufficient to resist gravitational flow, in. order that the 
product once loaded will remain in the borehole. The 
methods also are useful in applications requiring lower 
pumping viscosities, such as when long loading hoses are 
being used. The methods further can be employed when it ' 
is desirable to refine further an emulsion slurry prior to 
its expulsion from a loading hose. 

While the present invention has been described with 
reference to certain illustrative examples and preferred 
embodiments, .various modifications will be apparent to those 
skilled in the art and any such modifications are intended 
to be within the scope of the invention as set forth in 
the appended claims. 
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CLAIMS; 

1. A method of pumping a water-in-oil emulsion slurry 
blasting composition through a hose, comprising pumping 
the composition through a hose having at or near its end 

a valve which is adapted to impart shear to the composition 
and thereby increase its viscosity prior to its expulsion 
from the hose. 

2. A method of refining a water-in-oil emulsion 
slurry blasting composition wherein the composition is 
forced through a valve positioned at or near the end of 
a delivery hose to impart shear to the composition and 
thereby increase its viscosity prior to its explusion from 
the hose. 

3. A method of loading a borehole with a water-in-oil 
emulsion slurry blasting composition wherein the 

. composition is pumped through a valve positioned at or 
near the end of a delivery hose to impart shear to the 
composition and thereby increase its viscosity prior to its 
expulsion from the hose. 

4. A method of loading an upwardly extending borehole 
with a water-in-oil emulsion slurry blasting composition, 
comprising extending a deliver^ hose to or near the end of 
the borehole, and pumping the composition through the hose 
and through a valve positioned at or near the end of the 
hose, which valve is adapted to impart shear to the 
composition and thereby increase its viscosity to' enable 
it to resist gravitational flow. 

5. A method according to any preceding claim 
comprising the additional step of injecting into the hose 
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and around the composition an annular stream of a fluid 
at a linear velocity substantially equal to that of the 
composition to lubricate its flow through the hose. 

6. A method according to claim 5, wherein the fluid 

is water, an aqueous miscible fluid or an aqueous inorganic 
oxidizer salt solution, at least part of which fluid is 
mixed into the composition by the shearing action of the 
valve. 

7. A method according to claim 5, wherein the 
composition as pumped through the hose is deficient in 
water or aqueous inorganic oxidizer salt solution until 
mixed by the shearing action of the valve with the annular 
stream of water or salt solution. 

8. A method according to any preceding claim, wherein 
the valve is a spring-loaded valve. 

9. A method according to any preceding claim, wherein 
the valve is a ball valve. - 
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@ Methods of pumping and loading emulsion slurry blasting ec 

@ Methods are disclosed for refining, pumping and load- 
ing a borehole with a water-in-oll emulsion slurry blasting 
composition, wharain the emulsion slurry blasting composi- 
tion Is pumped or forced through a valve positioned at the 
end of a delivery hose in order to Increase the viscosity of 
the composition prior to its expulsion from the hose. 
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